Observations of the water inventory as well as other chemically important species on Jupiter will be performed in the frame of the guaranteed time key project of the Herschel Space Observatory entitled "Water and related chemistry in the Solar system". Among other onboard instruments, PACS (Photodetector Array Camera and Spectrometer) will provide new data of the spectral atlas in a wide region covering the far-infrared and submillimetre domains, with an improved spectral resolution and a higher sensitivity compared to previous observations carried out by Cassini/CIRS (Composite InfraRed Spectrometer) and by ISO (Infrared Space Observatory).
In order to optimise the observational plan and to prepare for the data analysis, we have simulated the expected spectra of PACS Jupiter observations. Our simulation shows that PACS will promisingly detect several H 2 O emission lines. As PACS is capable of spatially resolving the Jovian disk,
Introduction 1
One of the most outstanding results in previous infrared observations of 2 Jupiter is the detection of water in its stratosphere, achieved by ISO (In-3 frared Space Observatory) (Feuchtgruber et al., 1997; Lellouch et al., 1997) .
4
ISO has also detected CO 2 in the Jovian atmosphere (Lellouch et al., 2002) 5 and these detections are regarded as a clear evidence for the existence of 6 an external supply of oxygen into Jovian stratosphere. The observations 7 of the Jovian water vapour with ISO have been followed by submillimetre 8 (556.9 GHz) heterodyne observations by SWAS (the Submillimeter Wave As-9 tronomy Satellite) (Bergin et al., 2000; Lellouch et al., 2002) and the Odin 10 satellite (Cavalié et al., 2008) . In addition to monitoring the temporal vari-11 ability since the ISO observations, these spectrally resolved measurements 12 constrained the vertical distribution of the Jovian stratospheric water vapour.
13
Additional constraints on the possible external source have been obtained 14 from the observations of CO, HCN and CS (e.g., Moreno et al., 2003; Griffith et al., The D/H ratio, which has been inferred from ISO measurements of the 27 HD 37.7 µm rotational line (Lellouch et al., 2001) , is another key issue in represents the result of the mixing of the gases in the nebula with deuterium-31 rich icy cores (Feuchtgruber et al., 1999 nebula, which is essential for a better understanding of the formation and 35 evolution of the outer planets (Hersant et al., 2001) .
36
These unsettled issues will be entirely re-addressed by new and sensi-37 tive observations that will be carried out with the Herschel Space Observa- (Hartogh et al., 2009) Griffin et al., 2008; Griffin and XX authors, 2010) , and 47 the Photodetector Array Camera and Spectrometer (PACS; Poglitsch et al., 48 2008; Poglitsch and XX authors, 2010) . The focal plane units of these three 49 instruments are kept cooled at the temperature range of 1.7-10 K by using 50 superfluid helium, and the bolometric detectors of SPIRE and PACS are fur-51 ther cooled down to 0.3 K. As a result of this sophisticated active cooling sys-52 tem and also of the instrumental development such as the state-of-the-art SIS
53
(superconductor-insulator-superconductor) mixers on HIFI, Herschel enables 54 observing with a sensitivity that has never been achieved before. Among 55 these instruments, PACS has the unique capability to obtain a spectral atlas 56 in a wide wavelength range between 55 and 210 µm with a resolving power of 57 940-5500. This spectral resolution is rather low if compared to that of HIFI, 58 and is not sufficient to resolve the molecular line shapes. However, our previ-59 ous preparatory study for the HssO Titan observations (Rengel et al., 2009) 
110
The proposed Jupiter observations with PACS are:
111
• The high signal-to-noise ratio (SNR) SED range scan from 55 to 210 µm, In order to search for temporal variability, these observations (as well as the 118 undermentioned HIFI observations except the mapping one) will be repeated 119 three times during the lifetime of Herschel (∼3.5 years).
120
As the explicit instrumental sensitivity of PACS for the very bright source profile is based on the radio occultation experiments of Voyager 2 (Table 1   163 in Lindal, 1992) and the in situ measurement of the Galileo entry probe 164 (Seiff et al., 1998) . For simplicity, we use a smoothed temperature profile 165 for the stratosphere ( Fig. 1(a) Fig. 2-3 by arrows on the lowermost panels of Fig. 2-3 ). of 10-20 mbar after smoothing to PACS spectral resolution. This is also the 254 case for all other H 2 O transitions in the PACS spectrum (Fig. 4(c) (Fig. 5(a) ).
274
For the currently undetected species, the detection or stringent con-275 straints on their abundances are expected with the PACS observations, since 276 PACS achieves a higher spectral resolution and sensitivity than Cassini/CIRS.
277
As an example, we present the detectability of HCl with PACS in this study.
278
We have calculated the spectra for different mixing ratios; 2.3 ppb (current 279 upper limit, and the spectra are shown in the Fig. 2-3 ), 1.15 ppb and 0.23 ppb.
280
From the lowermost panels of Fig. 2-3 , it is expected that the HCl (4-3) 
Sensitivity to tropospheric PH 3 and NH 3

307
PACS will be sensitive to the PH 3 abundance in the upper troposphere,
308
from ∼600 mbar to 80 mbar ( Fig. 6(a) ). PH 3 , particularly in the upper tro- (e.g., Barshay and Lewis, 1978 is too low compared to the resolution of these previous observations so that 325 PACS may not be able to observe such a fine latitudinal inhomogeneity; 326 but still, PACS observations will be important in that they will extend the 327 current results with a new observing wavelength region (currently, PH 3 is in-328 vestigated using the CIRS spectra at mid-infrared 1200 cm −1 region). This 329 will confirm previous findings and/or lead to new insights.
330
Tropospheric NH 3 will also be measured and, by analysing its very broad 331 absorption lines, the bulk abundance of NH 3 at the level from ∼800 mbar to 332 100 mbar will be determined ( Fig. 6(b) ). This will improve our knowledge 333 of the enrichment of nitrogen in Jupiter with respect to the solar value (Jo-334 vian nitrogen is enriched by a factor of ∼3 with respect to the solar value, 335 (Wong et al., 2004) ) along with carbon and sulphur, which have been first 336 confirmed by the Galileo probe measurements (Owen et al., 1999 The dotted temperature profile represents the result obtained by the Galileo entry probe (Seiff et al., 1998 ). The mole fractions of H 2 and He are set to 0.863 and 0.134, respectively, as measured by the Galileo probe (Niemann et al., 1998) and not shown in the plot. 
